Antioxidant activities of W and E extracts obtained from dried boxthorn (Lycium chinensis) fruit were measured based on DPPH radical scavenging and reducing powers, and their relationships with total phenolics, flavonoid content, and antioxidant activity were investigated. A linear correlation among antioxidant activity, total phenolics, and flavonoid content was observed in concentration-dependent mode. Both extracts showed >95% DPPH radical-scavenging activity and the higher reducing power of 3200 ppm at the same concentration. The antioxidant potential of both extracts were compared with those of commercial antioxidants such as BHA, BHT, TBHQ, ferulic acid, and -tocopherol using H 2 O 2 scavenging activity, inhibition of linoleic acid peroxidation, inhibition of hemolysis of rat erythrocyte induced by peroxyl radicals, and inhibition of Fe 2+ -induced lipid peroxidation using rat brain tissue. In the H 2 O 2 scavenging activity, E extract showed a comparable significant antioxidant power, comparable to commercial antioxidants, and no significant difference (p > 0.05) was found between W and E extracts on inhibition of the linoleic acid peroxidation. Whereas W extract exhibited a significant power in the hemolysis of rat erythrocytes, none was observed in E extract. In the Fe-induced lipid peroxidation using rat brain tissue, no significant difference (p > 0.05) was found between both extracts, showing a comparable activity with those of synthetic antioxidants. Both W and E extracts of dried boxthorn (Lycium chinensis) fruit may have a potential as natural antioxidants to replace synthetic antioxidants.
Introduction
Current interest in many traditional medicinal plants and their related health-promoting products, as a source of natural and nutritional antioxidants, is due to the increasing findings on the role of antioxidants and free radicals in human health and diseases [1, 2] . Dietary intake of traditional medicinal plant-based foods is believed to reduce oxidative stress mediated by reactive oxygen species (ROS), which has been implicated as a major cause of cellular injuries in a variety of clinical abnormalities including cancer, diabetes, hepatitis, arthritis, degenerative disease, and also thought acceleration of the aging process [3] . ROS denote various forms of activated oxygen, which include free radicals such as hydroxyl radicals (OH·), superoxide anion radicals , and non free-radical species such as hydrogen peroxide (H 2 O 2 ) and singlet oxygen ( 1 O 2 ) [4, 5] . Among the ROS, H 2 O 2 is not only generated from most sources of oxidative stress and oxygen radicals but also has the ability to diffuse freely in and out   2 O  of cells and tissue [6] . H 2 O 2 itself is not a radical nor is it highly reactive, but instead forms highly reactive radicals such as hydroxyl radicals (OH·) in the presence of transition metal ions by various in vivo and in vitro mechanisms [7] . Therefore, a decrease in H 2 O 2 concentration could reduce hydroxyl radical formation, which results in reducing the harmful effects of oxidative damage. ROS including H 2 O 2 not only play a role as endogenous oxidants in living organisms, which induce oxidative damage to biomolecules such as lipids, nucleic acids, proteins, and carbohydrates, but also cause lipid peroxidation in foods, which leads to spoiling of foods [5, 8] .
Many antioxidant compounds naturally occurring in plant sources have been identified as free radical or active oxygen scavengers [5, 9] . Plant materials contain a diverse group of phenolic compounds with antioxidant activity, whichimportant antioxidant, of which subclasses include flavones, isoflavones, flavanones, flavonols, flavanols, chalcones and anthocyanidins [1] . Flavonoids are reported to play roles as antioxidant by many potential pathways such as free radical scavenging, oxygen radical absorbance, and the chelating of metal ions [2, 11] . Currently, interest is considerably high-lighted in finding naturally occurring antioxidants for use in foods or medicinal-based functional ingredients to replace synthetic antioxidants, which are being restricted due to their inherent side effects including carcinogenicity [5, 12, 13] . Natural antioxidants can protect the human body from free radicals and retard the progress of many chronic diseases as well as lipid oxidative rancidity in foods [14] . Therefore, the importance of study on antioxidant activity of naturally occurring medicinal plants has been paid increasingly attention.
The boxthorn (Lycium chinensis) belongs to the family Solanaceae, and its dried fruits have been traditionally regarded as a medicinal-based herb plant with bioactive properties for maintaining health [15] . For storage and consumption, the boxthorn fruits, which are harvested in summer and autumn, are first dried in the shade and then exposed to the sun for further drying until the skin is hard and dry and the pulp remaining soft with vermillion color. However, because distinction of dried boxthorn fruits from different species and varieties is difficult, substitution or adulteration in commercial products cannot be excluded. The dried boxthorn fruits called Fructus Lycii have been traditionally consumed as a health food supplement cooked as a broth with poultry and as a medicinal elixir, tea, and alcoholic liquor [2, 15] . It is well established that F. Lycii contains a number of bioactive compounds having therapeutic effects on several conditions such as atherosclerosis, arterial hypertension, neurodegeneration, diabetes, aging, and night-blindness [15, 16] . Bioactive compounds from F. Lycii include a cerebrocide [17] , an arabinogalactan-protein [18] , carotenoids lutein and xeaxanthin [19] , and pro-vitamin C, 2-O-(-d-glucopyranosyl) ascorbic acid [20] . As indicated above, several biological activities of F. Lycii have been reported by many investigators. In spite of the reports on the antioxidant activity of Lycium chinensis fruit [21, 22] to date, no information is available on the systematic comparison data for the antioxidant activity of water and ethanol extracts of Lycium chinensis fruit. The purpose of the present study was to evaluate the antioxidant activity of water and ethanol extracts obtained from Lycium chinensis fruit and to compare with those of the commercially available antioxidants. An important goal of this research was to examine the correlation between their phenolic compounds and antioxidant activity in water and ethanol extracts of the dried boxthorn (Lycium chinensis) fruits and to compare their antioxidant activities with a variety of commercial antioxidants including synthetic phenolic compounds such as butylated hydroxyl anisole (BHA), butylated hydroxyl toluene (BHT), and tert-butylhydroquinone (TBHQ). Consumers are increasingly avoiding foods prepared with preservatives of chemical origin. Natural alternatives and their related foods are therefore needed to satisfy the recent consumer's needs from all angles of stability and safety as well as biological function of foods. 
Materials and Methods

Chemicals
Extraction Procedure
Dried boxthorn (Lycium chinensis) fruit, which was produced at Cheongyang located in the Chungchungnam-do, South Korea, was obtained from a wet market in 2009. The dried samples were stored in a freezer at 20˚C until analyzed. The sample (20 g) was refluxed twice for 1 h each time with 200 ml of distilled water according to a method described by Tang, et al. [23] . The water solution was cooled, filtered, and concentrated under reduced pressure, and then lyophilized to obtain a water extract. The yield of dried residue corresponded to 47.216% (9.361  0.218 g, n = 3) of the original dry fruit weight. A part of the water extract obtained from the dried boxthorn fruit was diluted and prepared with distilled water at different concentrations used for measurement of antioxidant activity. The ethanol (95%, v/v) extract of the dried boxthorn fruit (ethanol extract yield 38.637%: 7.736  0.223 g, n = 3) was also obtained and prepared by the same method used in the water extract. tract) at different concentrations [5 to 4000 ppm (µg/ml)] was measured by the 1,1-diphenyl-2-picryl hydrazyl (DPPH) method outlined by Kim [24] based on the method of Hatano, et al. [25] . W and E extracts (4 ml each) were dissolved in water and ethanol mixture (Etoh:H 2 O = 6:4) and added to a solution of DPPH (1 ml, 0.2 mM) radical in methanol. The mixture was reacted for 30 min prior to the analysis, and the absorbance of reaction mixture (0.1 ml) was measured at 517 nm. The scavenging activity of extracts was determined by Equation (1):
DPPH free radical scavenging activity % A A A 100
where A c is the absorbance of control reaction (blank sample treated with no added extract) and A t is the absorbance in the presence of extract.
Total Phenolic Content
The concentration of total phenolic compounds of W and E extracts were determined spectrophotometrically using Folin-Ciocalteu reagent [26] according to a method of Lim, et al. [27] . Each extract (0.1 ml) at different concentrations [50, 200, 800 , 1600, and 3200 ppm (µg/ml)] was diluted with distilled water (7.9 ml) and added with Folin-Ciocalteu phenol reagent (0.5 ml). After 1 min, 1.5 ml of 20% sodium carbonate solution was added and mixed thoroughly. The mixture was allowed to stand for 1 h, and the absorbance was measured at 750 nm. Phenolic content was expressed in micrograms per milliliter of extract at different concentrations based on a standard curve of gallic acid, which was expressed as milligrams per liter of gallic acid equivalent (GAE).
Flavonoid Content
Flavonoid contents of W and E extracts were determined using the methods described by Atmani, et al. [28] and Marksimović, et al. [29] . Aliquots (10 ml) of extract solution prepared at different concentrations [50, 200, 800 , 1600, and 3200 ppm (µg/ml)] were mixed with 2 ml water and 5 ml of AlCl 3 reagent (133 mg crystalline aluminum chloride and 400 mg crystalline sodium acetate were dissolved in 100 ml of water), and the absorbance was measured at 430 nm. The concentrations of flavonoids were deduced from a standard curve and calculated in µg quercetine equivalent per ml sample extract.
Reducing Power
The reducing power of W and E extracts were determined using the method of Kim [24] based on the method described by Oyaizu [30] . To 0. 
where A c is the absorbance of the control and A t is the absorbance of the test sample.
Inhibition Activity of Linoleic Acid
Peroxidation Using Ferric Thiocyanate Method (FTC) The antioxidant activities of W and E extracts [3200 ppm (µg/ml)] on linoleic acid peroxidation in an emulsion were determined and compared with those of the commercial antioxidants (BHA, BHT, TBHQ, ferulic acid, and -tocopherol) by a method outlined by Kim [24] based on the thiocyanate method of Yen, et al. [31] . A sample solution (0.5 ml) was mixed with 2.5 ml of linoleic acid (0.02 M) emulsion at pH 7.0 and 2 ml of phosphate buffer (0.2 M) at pH 7.0. The linoleic acid emulsion was prepared by mixing 0.2804 g of linoleic acid, 0.2804 g of Tween 20 as emulsifier and 50 ml of phosphate buffer. The reaction mixture was incubated at 37˚C for 6 d. At 24 h-intervals, the reaction mixture (0.1 ml) was transferred to a test tube and subsequently supplemented with 75% EtOH (4.7 ml), 30% ammonium thiocyanate (0.1 ml), and 0.02 M ferrous chloride in 3.5% HCl (0.1 ml). The absorbance was recorded at 500 nm. The percent inhibition of linoleic acid Copyright © 2012 SciRes. FNS
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Fruit 1310 peroxidation in an emulsion was calculated by Equation (3):
where A c is the absorbance of control (without sample), and A t is the absorbance of the experimental (with sample) reaction.
Inhibition Activity of Erythrocyte Hemolysis
Mediated by Peroxyl Free Radicals The antioxidant activities of W and E extracts [3200 ppm (µg/ml)] on the inhibition of erythrocyte hemolysis was determined and compared with those of commercial antioxidants (BHA, BHT, TBHQ, ferulic acid, and -tocopherol) according to the procedures described by Cheung, et al. [32] . Blood was obtained from Male Sprague-Dawley rats (200 g). Erythrocytes separated from the plasma followed by three times washing of buffy coat with 10 ml of 10 mM phosphate-buffered saline (PBS) at pH 7.4 and centrifuged at 1000 g for 5 min. After the 3rd wash, the erythrocytes were obtained by centrifugation at 1000 g for 10 min and resuspended in PBS to obtain a 20% suspension of erythrocytes. Hemolysis of erythrocytes mediated by 2, 2'-azo-bis (2-amidinopropane) dihydrochloride (AAPH; a peroxyl radical initiator) was measured according to the method of Miki, et al. [33] . A portion of erythrocyte suspension (0.1 ml) was mixed with 0.1 ml of PBS solution containing either extract or commercial antioxidant, and an aliquot of 200 mM AAPH (0.2 ml, in PBS) was then added to the mixture. The reaction mixture was shaken gently while being incubated in a water bath at 37˚C for 3 h. The reaction mixture was diluted with 8 ml PBS and centrifuged at 1000 g for 10 min. The absorbance of its supernatant was then read at 540 nm (A abs ). Similarly described above for the determination of A abs , the reaction mixture was treated with 8 ml of distilled water to achieve a complete hemolysis, and the absorbance of the supernatant obtained after centrifugation was measured at 540 nm (B abs ). The percentage hemolysis inhibition was calculated by Equation (4):
Inhibition Activity of Lipid Peroxidation Using Rat Brain Tissue
The antioxidant activities of W and E extracts [3200 ppm (µg/ml)] on lipid peroxidation of the rat brain tissue stimulated by Fe 2+ /ascobate were assayed and compared with those of commercial antioxidants (BHA, BHT, TBHQ, ferulic acid, and -tocopherol) according to the method of Lim, et al. [27] . Brains of Sprague-Dawley rats were dissected and homogenized with a Polytron (Brinkmann Instruments, Westbury, NY) in ice-cold 20 mM Tris-HCl buffer (pH 7.4) to produce a 1:2 (w/v) brain tissue homogenate, which was then centrifuged at 3000 g for 10 min. The supernatant was used for the study of lipid peroxidation as determined using the formation of malondialdehyde (MDA) as an indicator. Aliquot (0.1 ml) of the supernatant was incubated with 0.2 ml of sample (dried boxthorn fruit extracts or commercial antioxidants) in the presence of 0.1 ml of 10 M FeSO 4 and 0.1 ml of 0.1 mM ascorbic acid at 37˚C for 1 h. The reaction was stopped by adding trichloroacetic acid (TCA) and thiobarbituric acid (TBA), and the mixture was then heated at 80˚C for 20 min. After centrifugation at 3000 g for 10 min to remove the precipitated protein, the color intensity of the MDA-TBA complex in the supernatant was measured at 532 nm using a spectrophotometer. The percent lipid peroxidation was calculated according to Equation (5):
where A 0 is the absorbance of control, and A 1 is the absorbance of the test sample.
Statistical Analysis
All determinations for antioxidant activity in the samples were carried out in triplicate (n = 3), and all values were reported as mean  standard deviation. All experimental data were analyzed with the analysis of variance (ANOVA) using General Linear Model, and significant differences (p < 0.05) among means at each treatment were determined using the Tukey's multiple range test at a level of  = 0.05 using Minitab computing system (Minitab Inc., State College, PA).
Results and Discussion
Free radicals are involved in the normal physiology of living organisms. The excess of free radicals and reactive oxygen species have been proposed to induce cellular oxidative damage, which results in a variety of chronic diseases such as cancer, arteriosclerosis, inflammatory disorders as well as aging process [34, 35] . Recently consumers' interest has been focused on several traditional medicinal herbs and their related formulation food products which have free radical-scavenging potential. The traditional medicinal-based plants or herbs provide us with many kinds of antioxidants as well as health-promoting nutraceuticals, which scavenge free radicals and reactive oxygen species, resulting in treatment of various chronic diseases and protection against oxidative rancidity of foods [24, 36] .
used to determine the free radical-scavenging ability of various samples and decreases significantly depending on the exposure to proton radical scavengers [37] . The reduction capability of DPPH radicals are determined by scavenging activity, the total phenolics and flavonoid content at different concentrations of W and E extracts were determined and are summarized in Table 1 . The concentration at which both dried boxthorn fruit extracts show the maximum scavenging activity against DPPH radicals was 3200 ppm, 86.718 µg/ml for total phenolics and 5.274 µg/ml for flavonoids in W extract, whereas 86.013 µg/ml for total phenolics and 8.103 µg/ml for flavonoids in E extract. The correlations among total phenolics and flavonoid content, and DPPH free radical scavenging activity of both W and E extracts are shown in Figures 2 and 3. Total phenolic content in both W and E extracts increased in a concentration-dependant mode in the range of 50 to 3200 ppm and were significantly higher (p < 0.05) upon the increase of concentration in both extracts ( Table 1) . The scavenging activity against DPPH radicals at different concentrations also significantly (p < 0.05) the decrease in the absorbance at 517 nm, which is induced by antioxidants [24] . The DPPH free radical scavenging activities of the dried boxthorn fruit extracts (W and E extracts) at different concentrations are presented in Figure 1 . For each extract, different concentrations [5 to 4000 ppm (µg/ml)] were prepared, and the activities of both extracts showed a similar trend in a concentration-dependant mode. The increasing scavenging activity upon increasing concentration of extracts is due to the decrease in the concentration of DPPH radical, which indicates the reduction capability of DPPH radicals by the antioxidants present in extracts. As shown in the Table 1 , the scavenging activity of W extracts was significantly higher (p < 0.05) depending on the increasing concentration from 50 to 3200 ppm, whereas the activity of E extracts was not significantly different (p > 0.05) between concentrations of 1600 and 3200 ppm. However, at 3200 ppm, both W and E extracts reached the maximum scavenging ability against DPPH radicals of 97.368% and 96.924%, respectively ( Table 1) . These results indicates that both W and E extracts have noticeable effects on the scavenging of free radical in a concentration-dependant mode with higher scavenging activity upon increasing concentration of extracts. In an attempt to establish a potential relationship with antioxidant activity established by DPPH free radical- increased according to the increasing concentration of total phenolic content ( Table 1) .
As a result, a linear correlation between the total phenolic content and the DPPH radical scavenging activity in the both extracts was found in Figure 2 . The correlation coefficients between the antioxidant activity monitored by DPPH method and the total phenolic contents of both W and E extracts were determined and observed as R 2 = 0.8623 for W extract and R 2 = 0.7548 for E extract (Figures 2(a) and (b) ). In addition, the flavonoid content, in agreement with the results of the total phenolic content of both W and E extracts, was also increased in a concentration-dependant mode within the range of 50 to 3200 ppm and significantly differed (p < 0.05) at different concentrations of both extracts ( Table 1) . The DPPH free-radical scavenging activity at different concentrations of the extracts were also significantly different (p < 0.05) depending on the increasing concentration of both W and E extracts, which indicated a linear correlation between the flavonoid content and the antioxidant activity with correlation coefficients of R 2 = 0.7831 for W extract and R 2 = 0.8861 for E extract (Figures 3(a) and (b) ). Therefore, these results are in good accordance with those of previous studies, which indicated that high total phenolic content increased the antioxidant activity [38, 39] . Although a good correlation was observed between the radical scavenging activity and total phenolic and flavonoid contents, the DPPH radical scavenging activity in W extract showed relatively higher correlation with the total phenolic content (R 2 = 0.8623) than the flavonoid content (R 2 = 0.7831), whereas the DPPH radical scavenging activity in E extract showed the opposite trend. These results indicate the antioxidant activity of dried boxthorn fruit extracts based on DPPH scavenging activity could be attributed to the presence of phenolic compounds as major components in both extracts. Plant phenolics constitute one of the major groups of compounds acting as primary antioxidants or free radical terminators [40, 41] . Phenolic compounds such as flavonoids, phenolic acids, and tannins are considered to be the major contributors to the antioxidant activity of fruits and medicinal plants [41] .
Relationship between Reducing Power and
Total Phenolic and Flavonoid Content The reducing power of both W and E extracts at different concentrations, which was investigated by the Fe 3+ -Fe 2+ transformation in the presence of dried boxthorn fruit extracts, are presented in Table 1 [24, 30] . The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity [42] which can be measured by the ability of a compound to donate electron in an oxidation-reduction reaction [2] . As shown in data of the antioxidant activity monitored by DPPH radical scavenging method, the reducing powers in both W and E extracts also significantly increased (p < 0.05) with increasing concentration of extracts ( Table 1) . It can be easily deduced that both W and E extracts obtained from the dried fruits of Lycium chinensis Miller has a strong electron-donating capability and hence reducing capacity. The highest reducing powers of both extracts were obtained from the same concentration of 3200 ppm ( Table  1) . Just as the relationship with antioxidant activity suggested by DPPH free-radical scavenging power, another potential relationship with antioxidant activity established by reducing power, total phenolics, and flavonoid content at different concentrations of extracts was deterCopyright © 2012 SciRes. FNS (Figures 4(a) and (b) ). However, results of the present study indicated the presence of a relatively strong correlation between the reducing power and total phenolic content of W extract with correlation coefficient of R 2 = 0.8387, whereas, a relatively weak correlation was found between the reducing power and total phenolic content of E extract with correlation coefficient of R 2 = 0.6824. In addition, the flavonoid content, in agreement with the result of the total phenolic contents of both W and E extracts, linearly increased in a concentration-dependant mode within the range of 50 to 3200 ppm (Figures 5(a)  and (b) ), which indicated a strong correlation between the flavonoid content and the antioxidant activity monitored by reducing power with correlation coefficients of R 2 = 0.8066 for W extract and R 2 = 0.8223 for E extract (Figures 5(a) and (b) ). These results show the antioxidant activity of dried boxthorn fruit extracts based on reducing capacity is due to the presence of phenolic compounds including flavonoids in both extracts. The antioxidant activ- ity of the phenolic compounds was attributed to its redox properties, which allow them to act as reducing agents, hydrogen or electron donators, singlet oxygen quenchers as well as metal chelating agents [43] .
Comparison of Antioxidant Properties of Water and Ethanol Extracts Obtained from Dried Boxthorn (Lycium chinensis)
Comparison of the Antioxidant Activity with Commercial Antioxidants
Based on the results of the antioxidant activity, which was monitored by DPPH radical-scavenging activity and reducing power, of dried boxthorn fruit extracts at different concentrations, the optimum concentration with the maximum activity was selected and compared to the antioxidant activity of commercial phenolic compounds widely used in food industry. The concentration of extracts used for comparison measurements was 3200 ppm with the best activity for both W and E extracts. The activities of commercial antioxidants such as BHA, BHT, TBHQ, ferulic acid, and -tocopherol, which are well-known as phenolic compounds, were determined at the concentration of 86.365 µg/ml and compared with that of dried boxthorn extracts. Parameters tested for comparison included four assays, H 2 O 2 scavenging, inhibition of linoleic acid peroxidation using emulsion system, inhibition of erythrocyte hemolysis, and inhibition of lipid peroxidation using rat brain tissue.
H 2 O 2 Scavenging Activity
The ability of both W and E extracts to scavenge hydrogen peroxide was determined and compared with those of BHA, BHT, TBHQ, ferulic acid, and -tocopherol. E extract, at a concentration of 3200 ppm, showed a significantly high scavenging capacity (p < 0.05) against H 2 O 2, which is comparable to the commercial phenolic antioxidant, ferulic acid, whereas W extract showed a poor capacity of 20.085% (Figure 6 ). Compared with other comercial antioxidants, the order of the antioxidant activity by H 2 O 2 scavenging was as follows: ferulic acid (83.703%)  E extract (83.394%) > BHA (28.632%) > W extract (20.085%) > BHT (6.288%)  TBHQ (3.972%)  -Toco (3.735%) (Figure 6 ). The relatively higher scavenging activity of E extract against H 2 O 2 strongly suggests that E extract obtained from the dried boxthorn fruit contains the necessary compounds for H 2 O 2 elimination at high level, whereas lower in the W extract. In a study carried out on a medicinal plant (Pistacia terebinthus) leaf, results showed that the methanol leaf extract, at 50 µg/ml, had the same scavenging activity (67%) on H 2 O 2 as that of ascorbic acid at 12.5 µg/ml and higher than that of BHT (50%) at the same concentration [44] . It is well established that H 2 O 2 itself is not very reactive, but can occasionally be toxic to cells due to its ability to form hydroxyl radicals, thereby emphasizing the importance of eliminating H 2 O 2 [45] .
Inhibition Activity on Linoleic Acid Peroxidation
The results of linoleic acid peroxidation, as determined by the ferric thiocyanate (FTC) method, at 37˚C after addition of W extract, E extract, BHT, BHA, TBHQ, ferulic acid, and -tocopherol are plotted in Figutr 7, and the inhibition percentage of peroxide formed during incubation in linoleic acid emulsion are shown in Table 2 .
The absorbance values by FTC method (Figure 7) , which is used to measure the amount of peroxide at the primary stage of linoleic acid peroxidation, indicated that the higher the absorbance values, the lower the level of antioxidant Copyright © 2012 SciRes. FNS
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activity [24, 46] . In general, both W and E extracts markedly inhibited the oxidation of linoleic acid for 6 days when compared to control. In the early stages, the oxidation of linoleic acid without added extracts (control) was accompanied by a rapid increase of peroxide value on day 5 days of experiment. The control showed a significant increase (p < 0.05) in the absorbance values during incubation and reached the maximum level on day 5, and finally dropped on day 6. This reduction is due to the accumulation of malonaldehyde compounds, which are a decomposed product of peroxide, resulting from linoleic acid oxidation [24] . Significant differences (p < 0.05) were found between the control and the linoleic acid-containing boxthorn fruit extracts, which slowed the higher rate of peroxide formation than those of the commercial antioxidants such as BHT, BHA, TBHQ, ferulic acid, and
The results of the present study showed W extract exhibited the highest antioxidant activity compared to those of other antioxidant compounds, but no significant difference (p > 0.05) was found between W and E extracts ( Table 2 ). The high antioxidant activity of the extracts could be due to phenolic compounds as well as flavonoids present in the dried boxthorn fruit. This result is supported by several studies on medicinal plants in Turkey [47] and in Parkistan [48] , which showed a significantly high lipid peroxidation by phenolic components. In addition, the data on the inhibition of linoleic acid peroxidation by oolong tea extract [49] , which contain a variety of flavonoid compounds, reaffirmed the results of the present study. Free radicals are well known to play an important role in autoxidation of unsaturated lipids in foodstuffs [50] . On the other hands, antioxidants are believed to intercept the free radical chain oxidants, and to contribute hydrogen from the phenolic hydroxyl groups, thereby forming stable free radicals, which do not initiate or propagate further oxidation in food system with lipid [51] . This result demonstrated that the both W and E extracts from the dried boxthorn fruit are effective as hydrogen donor and as primary antioxidant by reacting with the lipid radical in an emulsion system with lipid.
Inhibition Activity on Rat Erythrocyte
Hemolysis Erythrocytes are easily exposed to oxidative hazard in biological system due to their specific role as oxygen carriers [52] . Under physiological conditions, ROS are rapidly removed by the endogenous defense systems; however, when ROS are overproduced or their endogenous defense systems are impaired, severe oxidative damages to plasma membrane and cytosolic components in biological system occur, eventually leading to hemolysis [53] . In the present study, the protective effect of dried boxthorn fruit extracts against the oxidative hemolysis of rat erythrocytes induced by AAPH, a peroxyl radical initiator, was investigated and compared with those of com- and -tocopherol (Figure 8) . The order of the inhibition activity on hemolysis was as follows: W extract > ferulic
Results of the present study showed the unclear relationship between the antioxidant activity and phenolic compounds in inhibiting the hemolysis of erythrocytes could be explained in numerous ways and suggested that the activity of phenolic antioxidants against the hemolysis mediated by AAPH could depend on the structure, concentration, number, and position of hydrogen-donating hydroxyl groups on the aromatic cycles of the phenolic molecules [54, 55] . Furthermore, when the inhibition percentages of both W and E extracts obtained from the dried boxthorn fruit were compared, the E extract appeared to have relatively lower activity in the inhibition of hemolysis. Interestingly, the results of present study showed that even though W extract obtained from the dried boxthorn fruit appeared to possess higher antioxidative capacity than the W extract in preventing hemolysis of erythrocytes, it did not possess higher activity in scavenging H 2 O 2 in the non-cellular system indicating that some necessary compounds found in only in W extract could prevent the effective protection against the hemolysis induced by AAPH as supported by Li, et al. [56] , who reported that polysaccharides extracted from boxthorn fruit strongly inhibited the AAPH [2,2'-azo-bis (2-amidinopropane) dihydrochloride]-induced hemolysis of erythrocytes.
Inhibition Activity on Lipid Peroxidation of Rat
Brain Tissue Fe 2+ ion is well-known to stimulate lipid peroxidation within biological system, and the Fe-induced lipid peroxidation has been long-recognized as a potential mechanism of biological cell injury [57, 58] . Lipid peroxidation involves the cleavage of polyunsaturated fatty acids at their double bonds, leading to the formation of MDA (malondialdehyde) in biological system [52] . The MDA serves as a convenient index for determining the extent of lipid peroxidation [59] . In the present study, the inhibition activity of dried boxthorn fruit extracts against Fe logical system is a complex process, which involves formation and propagation of lipid radicals, uptake of oxygen, rearrangement of the double bonds in unsaturated lipid, and the eventual destruction of membrane lipids, and finally resulting in the breakdown of products such as MDA in microsomes of biological system [60] . Our data suggest that the extracts could be a potential source of radical scavengers in inhibiting metal-induced lipid peroxidation in biological system [61, 62] as well as break the chain reaction of lipid peroxidation by rapid donation of electrons to lipid peroxyl radicals, terminating the chain reaction by forming a corresponding radical that is less reactive than the peroxyl radical, thereby slowing the process of peroxidation [27] . Tocopherol is an example of a chain-breaking antioxidant, as evidenced by the regeneration of tocopherol from its radical by ascorbic acid in vitro [63] . This result indicated that phenolic and flavonoid compounds present in both W and E extracts, as based on the relationship data of total phenolics and flavonoids and antioxidant activity suggested previously (Figures 2-5) , could contribute to the protective activity against metal-induced lipid peroxidation in cellular system.
Conclusion
Both extracts obtained from the dried boxthorn (Lycium chinensis) fruit showed strong antioxidant activities in a concentration-dependent mode, which was linearly correlated with increasing total phenolics and flavonoid content. The antioxidant activities of both extracts were maximized at the concentration of 3200 ppm with total phenolics of 86.365 ppm (µg/ml). The antioxidant activities of both extracts (W and E extract) were compared with those of well-known commercial phenolic antioxidants such as BHA, BHT, TBHQ, ferulic acid, and -tocopherol at 86.365 ppm (µg/ml) using various parameters. In the H 2 O 2 scavenging activity, E extract had a significantly high activity comparable with that of ferulic acid, whereas W extract showed a lower activity. In the inhibition activity of peroxide formation by linoleic acid peroxidation, no significant difference (p > 0.05) was found between W and E extracts, and both extracts showed a relatively higher activity compared to the commercial antioxidants. In the antioxidant assays using cellular system, W extract exhibited a significant power in inhibiting the hemolysis of rat erythrocytes induced by peroxyl radicals, whereas none was shown in E extract. In the Fe 2+ -induced lipid peroxidation using rat brain tissue, no significant difference (p > 0.05) was found between both extracts, they showed activities comparable to those of synthetic antioxidants. The results of the present study show that both W and E extracts of dried boxthorn (Lycium chinensis) fruit can be used as easily accessible source of natural antioxidants in food industry, replacing the synthetic antioxidants, and as a possible functional supplement in pharmaceutical industry. However, identification and quantification of exact bioactive components responsible for the antioxidant activity in both W and E extracts have not yet been elucidated. Therefore, future researches should be focused on the identification and quantification of individual bioactive components having the maximum activity in both W and E extracts to satisfy the recent consumer needs, which can be fitted into the well-being concept pursuing the use of naturally-occurring medicinal plants.
